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ABSTRACT

Estimates of the Probability of Maintaining Clear Conditions at Altitude
~ by

Lt Colonel Roger E. Christensen

This paper provides estimates of the probabilities of remaining in-the-clear
on 0 to 1000 nautical mile flights at a con~stant altitude within the European,
Korean, and Mideast theaters. The estimates are based upon correlation studies
of cloud observations by the Air Force Geophysics Laboratory and the USAF
Environmental Technical Applications Center. The methodology for computing
the probabilities is presented.
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EXECUTIVE SUMMARY

Clear Skies at Altitude

BACKGROUND

This paper was written to address the question, uWhat is the probability of
"being in-the-clear at a given altitude over a given location, and how does this
probability change as a function of distance flown from the initial location?"

,•,i:.•,DISCUSSION.

A USAF Environmental Technical Applications Center (USAFETAC) report on the
Vertical Distribution of Clouds provides probabilities of clear skies at a
location for various altitudes for Europe, Korea, and the Mideast. Furthermore,
studies by the Air Force Geophysics Laboratory and USAFETAC show that cloud
conditions and associated probabilities steadily become unrelated or independent
of each other with distance. This makes possible the use of probabilities of
clear conditions at a point to infer probabilities of clear conditions as a
function of distance traveled. In the upper atmosphere, generally above 6000
feet altitude, the distance where independence occurs is on the order of 600
nautical miles. In the lower atmosphere which is greatly influenced by the
underlying terrain, this distance is on the order of 175 miles.

Figure 1 illustrates how probabilities of clear skies vary with altitude over
central Europe during winter and summer.

HM /*L.

I +.' ;

"+ I

Figure 2. Probability of Clear Skies at Altitude (Central Europe)

For example, the probability of an airplane being in-the.-clear at altitudes.
between 3500 and 6500 feet at any given location in Central Europe during the _
winter is approximately 34 percent. Near the surface, the probability improves .
to about 67 percent.

0 t-
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Figu~res 2 and 3 illustrate how the probability of staying in-the-clear decreases
as one flies at low and high altitudes in a given theater of operation. Along

I the'ordinate, of *Figw' 2.,and 3 "is the probability of clear skies at a location *~

in the. 'theater concerned. Alot-4y the direttion of the abscissa, the probabilityL
of. staying 'In-the-clear stead ily. decreases' because of the increasing likelihood
of flying I nto clouds with distance flown. Separate curves are provided for I

I day and night situations.
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Fi Sure. 2. Staying Cloud-Free with J)1stance
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Figure 3. Staying Cloud-Free with Distance -
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Information for other altitudes for north central and south central Europe,

North and South Korea, and mountains and desert area of the Mideast is avail-

able in the main report in a format lile that in Tz ,e 1. Zero distance prob-

abilities are the probabilities of being in-the-clear at any given location in

S•he theater concerned.

TABLE I PROBABILITIES OF MAINTAINING CLEAR SKIES AT ALTITUDE OVER VARIOUS DISTANCES

CENTRAL EUROPE - SOUTHERN MOUNTAIKS

DISTANKE (•ILES)
ALTITUDE (Ft) 0 100 200 400 600 1000

NM A N M A , N A N N, A X N A N A N

M.000o W .93 .96 .9S .92 .95 .94.91 .95 .931.89 .93.92 1.36 .92 .901.82 .90 .87i-- S .96'.'97 .95 .95 .97 .94 .95 .96 .931.94 .95 .9z .9z .94 . 90 .g .go B

3t, 000 W .86 .89 .83 .84 .61 .81 .82 .86 .78 .78 .82 .74 .74 .79 .69,.66 .73 .59
7E,0 5 .84 .57 .- 5 . ,5 .78 75 .75 .74 ,71 .7 .69 .59

""j, 26,000 W .82 82 .75 .80 .80 .'72 .77 .77 .69 1,7 2  .72 .63 .67 .67 ,S6.57 .57 .44S.61 .4 U7 7 .• .4 .76 .00 .71i,71757.St, 67n.l 5•9 ;

"22 000 W .77 .78 .73 .74 .75 .70 .71 .72 .661.65 .67 .60 .59 .61 .531.47 .49 .40
_• . O 8 '-;• .71 .71 741.3 75 .75 . 70 37-7,519 .6 64 .64 .58• .5j Sj5 .46

18 000 W .65 .66 .59 .61 .62 .55 .57 .59 .51 ,SC .51 .43 .42 .44 .35 .27 .29 .19
7,, . 7T .7 .71 .69i.1U .• W • .5b 66 .4 .6z .6U .57 bb .' 5 .W-F.I .IF -T% 3

" 14 000 .44 .45 .42 .40 .41 .38 .36 .37 .34 .28 .29 .26 .19 .20 .18 .03 .(4 .01
r.s 0 . .49 .46 .46 .45 .42 .47.36 .33 ... .a s .2 s .... ... O

10 000 W .36 .37 .37 .23 .24 .24 .10 .10 .10
S .50 .46 .37 .36 ,3Z .24 .21 .1 .10 . . . .

6 Soo W.34 .33 .30 .24 .20 .iS .10 .07 .06 . .
.0 .55 .41 Z41.41 JJ . Z7 .19 .03 - .

3 500 U 4 39 . 1.26 .25 .211-13 .12 .08
. :71 ..5 .49 .59 .44.,5 47 . ,3 ,O, " .. 3

< 1.000 V .66 .66 .701.53 .53 .581340 .40 .4 15 .5 22
7 1.83 1 .8b,.7b .6Z b8 l.6' . 65I.5i .25 .591.33 .39

:; MORNING W: WINTER
A: AFTERNOON S: SUMMER
N: NIGHI l

OBSERVATIONS

i. The lowest probabilities of ciear skies are between 1,000 and 10,000 feet

above ground-level (AGL) in Europe and Korea, and between 6,500 and 14,000 feet
above mean sea level (MSL) in the Mideast.

ii. Probabilities of clear skies increase with increasing altitude above

14,000 feet MSL. Seasonal differences above 14,000 feet are small regardless
of theater.

.7 iii. Probabilities of clear skies increase with decreasing altitude below

1,000 feet AGL, indicating the importance of being able to fly low so as to

stay "under-the-weather." Seasonal differences below 1 ,000 feet are large
4 •in Korea arid Europe.

iv. Since it is generally more probable that clear skies or good weather will

exist at a point in the atmosphere than throughout a consecutive sequence of
points (flight path), the capability to navigate in-the-weather may generally
be more important than the capability to deliver a weapon in-the-weather.

S' vii
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SCLEAR SKIES AT ALTITUDE

Lt Colonel Roger E. ChristensenHQ USAF/SAGK

This paper describes a simple method for estimating the chance of remaining in-
"the-clear on 0-1000 nautical mile flights at various altitudes in three theaters
of operation. The estimates provided are based upon climatological probabili-
ties of sky cover in 15 layers of the atmosphere from the earth's surface to
55,000 feet altitude over a given location .(i). Methodology described below is
based upon studies of how cloud conditions decorrelate with distance. Figures
1 and 2 illustrate how total cloud cover throughout the depth of the atmosphere
decorrelates with distance. Generally, after 600 miles cloud conditions become
independent of each otrher in a linear fashion. It is reasonable to expect that
these correlations are preserved layer by layer through the depth of the "free
atmosphere" which generally begins about 5000 feet above sea level. Below, in
the "planetary boundary layer", correlations are less persistent. Studies by
the Air Force Geophysics Laboratory (2) indicate that sky cover observations
decorrelate after distances of about 175 miles. Thus depending upon altitude,
at least two distance scales are necessary to compute probabilities of main-
taining clear skies at altitude.

The probability of continuous clear skies at an altitude over a distance can be

represented by:

P PozCzDz

where:

POZ= Probability of clear skies at altitude Z
5 over a given location

Cz= Coefficient describing loss of probability
per unit distance at altitude Z

Dz Distance traveled at altitude Z

CZ -Poz)/Do, where Do = scale distance
over which correlation Ioes to zero. After
a distance of Do, P = P

Do =600 miles for flight above either 6500 feet
MSL (flat terrain) or 10,000 feet MSL (rough
terrain)

Do = 175 miles below either 6500 feet MSL or 4
10,000 feet MSL depending upon terrain

Figure 3 illustrates how the probability of clear skies over a point in central
Europe varies with altitude.

, For example, the probability of an airplane being in clear skies during winter
_. over a location in central Europe at an altitude between 3500 and 6500 feet is

about 0.34. Approaching the surface, the probability improves to 0.67, illus-
ut i- trating the utility of being able to operate at lower altitudes ander the

I .- '
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'~ --- CORRELATION FUNCTION DERIVED
FROM RAW 30NEPH DATA

-CORRELATION f"'W"ION DERIVED
W ~FROM SMOOTHt. 'EPN VATA

0

0.0-

01020300 400 500 600

Figure :1 Comparison of Spatial Correlation Functions Derived from Raw and
Smoothed 3DNEPH Data for Box 22, January. The correlation functions illustrate
the typical effect of smoothing, that is, smoothing slightly increases the
spatial correlation coefficients.

- SINGORTEN'S MODEL I

w --- OBSERVED CORRELATION FUNCTIO

0

-J2

Ica0 200 300 400 660

DISTANCE (NM)

Figure: 2 Comparison of the Gringorten Model-DU Spatial Corre~lation Function
for & Scale Distance of 17.0 km and a Curve Derived from Smoothed 3DNEPH Data
for Box 14, January. T71he Gringorten curve has been fitted to the observed data
by the least squares method with a RHSE of 0.05.
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weather. At higher altitudes, the probability improves such that there appears
to be little difference in cloudiness above 14o000 feet from summer to winter.

Figures 4 and 5 illustrate how probabilities of cloud free or clear sky condi-
tions decrease with distanice flown at low and high altitudes. Along the ordi-
nate (distance- 0) of each figure is the probability of clear skies at a point
for the indicated theater and season. Probabilities of flying in-the-cl _ar for ,
a distance are given by moving along the abscissa for the distance of interest,
going vertical to the curve of interest (location, season, time of day), and
noting the expected frequency of occurrence along the ordinate. For example,
the probability of staying in the clear over central Europe, between 3500 and
6500 feet, for 100 nautical miles, in winter, at night is approximately 0.18.
If you fly 230 miles, this probability goes to zero. Similarly, the same
probability over Korea in winter is about 0.51, going to zero after 460 miles
of flight.

Tables 1 - 6 provide specific numbers of the above probabilities for the three
k theaters of concern (Europe, Korea, Mideast).

This paper was written to meet immediate AF/RDQT needs for this type of infor-
mation. A more precise study of the probability of maintaining flight in clear
conditions is planned by AF/SAGW as a new cloud data base is made operational.. J
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TABLE 1 PROBABILITIES OF MAINTAINING CLEAR SKIES AT AL7ITUDE OVER VARIOUS DISTANCES

CENTRAL EUROPE - SOUTHERN MOUNTAINS

`kNCE (MILES)
ALTITUDE (Ft) 0 100 '0400 6010

*M A N M A N M N M A N M A N M A N

>35,000 W .93 .96 .95 .92 .95 .94 .91 5 .93 .89 .93 .92 .86 .92 .90 .82 .90 .87
7F.V-.-9 .95W .9 .7.9 95. ;iS- -- W T . 5 .1 .2-.4 9 .0T9

35 000 W .86 .89 .83 .84 .87 .81 .82 .86 .78 .78 .82 .74 .74 .79 .69 .66 .73 .59
S2aU m.84 .8 82.5 T -. 7 B .8 7 75.75 .74 .71 .7F .9 6

26 000 W .82 .82 .75 .80 .80 .72 .77 .77 .69 .72 .72 .63 .67 .67 .56 .57 .57 .44

22 000 W .77 .78 .73 .74 .75 .70 71 .72 .66 .65 .67 .60 .59 .61 .53 .47 .49 .40
S.0 .0 76 .77 .7T7T7 .75 .75 M .6 6 6 .4 .3.17

18 000 W .65 .66 .59 .61 .62 .55 .57 .59 .51 .50:.51:.43 .42 .44 .35 .27 .29 .19

14 000 W .44 .45 .42 .40 .41 .38 .36 .37 .34 .28 .29 .26 .19 .20 .18 .03 .04 .01

10,000 W .36 .37 .37 .23 .24 .24 .10 .10 .10 - - - - - --

6, 9 .5 4 3 3 3 .2 21-.18 .10- - - - - - - - -

6,500 W .34 .33 .30 .24 .20 .18 .10 .07 .06 - - - - - - - -

-77M 9.55 .47 .2T .4 -rST.-7 .27T.9 TU~-- -

3,500 W .40 .39 .34 .26 .25 .21 .13 .12 .08 - - - - - - - - -

1,00 S.71 .58T49 5 4 .35 .4 .3 .2 .2 02 .0

4 1,000 W .66 .66 .70, .53 .53 .58 .40 .40 .46 .15 .15 .22 - - - - - -

M: MORNINIG W: WINTER
A: AFTERNOON S: SUMMER
N: NIGHT

SOURCE: USAFETAC REPORT, "AREA AVERAGE CLOUD LAYER DISTRIBUTION DATA
FOR CENTRAL EUROPE, THE MIDDLE EAST, AND KOREA", 8 FEB 82

CONDITIONS: Basic data is for a point within the area concerned. Based upon
correlation studies of cloud observations, conditions above 10,000
feet are assumed independent after a distance of 600 miles and con-
ditions belc~w 10,000 feet are assumed independent after 175 miles.
A linear decrease in correlation between is assumed.
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TABLE 2. PROBABILITIES OF MAINTAINING CLEAR SKIES AT ALTITUDE OVER VARIOUS DISTANCES

CENTRAL EUROPE - NORTHERN PLAINS

DISTANCE (MILES)
ALTITUDE (Ft) 0 100 200 400 600 1000

•M A N M A NAN A N M AN M A N

o. 35,000 W .94 .95 .93 .93 .94 .921 92 .93 691 .90 .92 .89 .88 .90 .86 .85 .87 .82
S .97 .98 92 .97 .98 .91 .96 .97 .90 .95 .97 .87 .94 .96 .85 .92 .95 .80

35,000 W .77 .83 .69 .74 .81 .65 .71 .78 .62 .65 .74 .55 .59 .69 .48 .47 .59 .33
26,000 S .76 .79 .65 .73 .76 .61 .70 .73 .57 .64 .68 .50 .58 .62 .42 .46 .51 .27

26,000 W .84 .84 .77 .32 .82 .74 .80 .80 .71 .75 .75 .64 .71 .71 .59 .62 .62 .4722,000 S .84 .88 .70 .82 .86-.67 .80 .84 .63 .75 .81 .56 .71 .77 .49 .62 .70 .35

22,000 W .79 .80 .76 .76 .77 .73 .73 .75 .70 .68 .69 .64 .62 .64 .58 .51 .53 .46
18,000 S .83 .86 .68 .81 .84 .64.78 .82 .61 .74 .78 .53 69 .7.46 .59 .66 .32

S!"18,000 W .65 .67 .59 .61 .63 .55 .57 .60 .51 .50 .52 .43 .42 .45 .35 .27 .30 .19,.,
• 14,000 s .71 .75 .59 .68 .72 .55-.64 .69 .3-1 .57' .63 .43 .50 .56 .35 .37 .44 .19 ...

14,000 W .50 .50 .46 .46 .46 .42 .42 .42 .37 .33 .33 .29 .25 .25 .21 .08 .08 .05
1 10,000 S .57 .56 .46 .53 .52 .42 .49 .48 .37 .41 .40 .29 .32 .31 .21 .16 .15 .05

10,000 W .46 .45 .44 .42 .41 .40 .38 .37 .36 .29 .29 .28 .21 .20 .19 .05 .04 .03
6,500 S .58 .52 .41 .54 .48 .37 .50 .44 .33 .42 .35 .25 .37 .27 .17 .17 .10 .00

k6,500 W .34 .34 .29 .21 .21 .17 .08 .08 .05 - - - - - - - - -
3,500 S .46 .39 .17 .32 .25 .09 .18 .12 .00 - - - - - - - - -

3,500 W .39 .40 .34 .25 26 .21 .12 .13 .08 . . . . .. . . .
1,000 S .63 .50 .41 .50 .36 .27 .36 .21 .13 10 - - - - - - - - -

S1,000 W .71 .72 .72 .59 .60 .60 .47 .49 .49 .24 .26 .26 .00 .03 .03 . . ..
5 .89 .81 .91 .83 .72 .86 .78 .63 .821.67 .46 .72 .55 .28 .63 .33 - .44

I'F *M: MORNING W: WINTER
A: AFTERNOON S: SUMNER
N: NIGHT

SOURCE: USAFETAC REPORT, "AREA AVERAGE CLOUD LAYER DISTRIBUTION DATA FOR
CENTRAL EUROPE, THE MIDDLE EAST, AND KOREA", 8 FEB 82

CONDITIONS: Basic data is for a point within the area concerned. Based upon
correlation studies of observations, conditions above 10,000 feet
are assumed independent after a distance of 600 miles and condi-
tions below 10,000 feet are assumed independent after 175 miles. A
linear decrease in correlation between is assumed.
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TABLE 3. PROBABILITIES OF MAINTAINING CLEAR SKIES AT ALTITUDE OVER VARIOUS DISTANCES

MIDEAST - MOUNTAINS

DISTANCE (MILES)
ALTITUDE(Ft) 0 100 200 400 600 1000

•M A N M A N M A N M A N M A N M A N
> 35,000 .88 .91 .81 .86 .90 .78 84 .88 .76 .81 .86 .71 .77 .83 .66 .70 .77 .55

S .97 .99 96 .97 .99 .95 .96 .99 .95 .95 .98 .93 .94 .98 .92 .92 .97 .90

35,000 W .77 .80 .65 .74 .77 .61 .71 .75 .57 .65 .69 .50 .59 .64 .42 .47 .53 .27
26,000 S .92 .96 .88 .91 .95 .86 .90 .95 .84 .87 .93 .81 .85 .92 .77 .80 .90 .70

26.000 W .81 .82 .74 .78 .80 .71 .76 .77 .68 .71 .72 .61 .66 .67 .55 .55 .57 .42
22,000 S .95 .97 *92 4 e91 .91 o93 *90 e90 .92 .87 .87 .90 .85 .85 .87 .80 .80

22 000 W .75 .78 .67 .72 .75 .63 .69 .72 .60 .63 .67 .52 .56 .61 .45 .44 .49 .30
S .89 .90 .89 .87 .89 .87 .86 .87 .86 .28 2 .79 .81 .79 .73 .75 .73

18,000 w .68 .68 .59 .64 .64 .55 .61 .61 .51 .53 .53 .43 .46 .46 o35 .32 .32 .19
14,000 S .79 .84 .7F .76 .82 .75 .73 .80"-.72 .68 .75 .67 .62 .71 .61 .51 .62 .49

14,000. W .57 .56 .48 .53 .52 .44 .49 .48 .40 .41 .40 .31 .32 .31 .23 .16 .15 .06
10,000 S .75 .82 .63 .72 .80..59 .69 .77 .55 .63 .72 .47 .56 .67 .40 .44 .57 .24

10,000 W .65 .63 .62 .52 .50 .48 .39 .36 .35 .13 .10 .08 - - - - -

6,500 S .92 .94 .91 .88 .91 .86 .84 .88 .82 .75 .81 .72 .67 .75 .63 .50 .62 .44

6,500 W .75 .74 .72 .64 .63 .60 .54 .52 .49 .32 .30 .26 .11 .08 .03 - - -

3,500 5 .96 .98 .96 .94 .97 .94 .92 .96 .92 .87 .94 .87 ".83 .91 .83 .74 .87 .74

3,500 W .73 .71 .71 .62 59 .59 .50 .47 .47 .28 .24 .24 .05 .00 .00 . ..
1,000 S .96 .97 .95 .94 .95 .92 .92 .94 .90 .87 .90 84 83 87 79 74 80 68

<1,000 W .89 .88 .93 .83 .82 .89 .78 .76 .86 .64 .64 .78 .55 .52 .71 33 28 56
S .97 .98 .991.94 .97 .98 .95 .96 .98 .94 .94 .97 .90 .91 .96 .87 87 .93

*M: MORNING W: WI?" ,ER
A: AFTERNOON S: SU'tER
N: NIGHT

SOURCE: USAFETAC REPORT, "AREA AVERAGE CLOUD LAYER DISTRIBUTION DATA FOR
CENTRAL EUROPE, THE MIDDLE EAST, AND KOREA-, 8 FEB 82

CONDITIONS: Basic data is for a point within the area concerned. Based upon
correlation studies of observations, conditions above 10,000 feet
are assumed indetendent after a distance of 600 miles and condi-
tions t-low 10,000 feet are assumed independent after 175 miles. A
linear decrease in correlation between is assumed.
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TABLE 4. PROBABILITIES OF MAINTAINING CLEAR SKIES AT ALTITUDE OVER VARIOUS DISTANCES

MID EAST - DESERT

DISTANCE ( MILES)
ALTITUDE (Ft) 0 100 200 400 600 1000

*M A N M A N M A N M A N M A N M A N
W .98 .96 .95 .98 .95 .94 97 .95 .93 .97 .93 .92 .96 .92 .90 .95 .90 .87

35,0 0 Sm .98 .99 .97 .98 .99 .96 .97 .99 .96 .97 .98 .95 .96 .98 .94 .95 .97 .92
Sp.95 .9 7 .9 3 .94 .96 .92 .93 .96 .911.92 .95 .89 .90 .94 .86 .87 .92 .8235,000.• W .91 .92 .89 .90 .91 .87 .88 .90 .86 .86 .87 .82 .83 .85 .79 .77 .80 .7y

I S .92 .94 .91 .91 .93 .90 .90 .92 .88 .87 .90 .86 .85 .88 .83 .80 .85 .77
26 000 Sp .85 .88 .81 .83 .86 .78 .81 .84 .76 .77 .81 .71 .72 .77 .66 .64 .70 .55

W .92 .87 .91 .91 .85 .90 .83 .87 .87 .79 .85 .85.76 .'80 .807
I S .93 .92 .91 .92 .91 .90 .91 .90 .88 .89 .87 .86 .86 .85 .83 .82 .80 .77

22,000 Sp .89 .87 .85 .87 .85 .83 .86 .83 .81 .82 .79 .77 .79 .76 .72 .73 .68 .64
22UD W .91 .9.9 .90 .90 .87 .88 .88 , F .86 .8T F 82 .83 8T3 . 77 .77 .73

I S .90 .91 .90 .89 .90 .89 .87 .88 .87 .84 .86 .84 .81 .83 .81 .75 .77 .75
S18000 p .8 8 .87 .85 .86 .85 .83 .84 .83 .81 .81 .79 .77 .77 .76 .72 .70 .68 .64

S.90 .88 .87 .89.86.85 .87 .84 .83 .84 .81 .79 .81 .77 .76 .75
I S .87 .88 .88 .85 .86 .86 .83 .84 .84 .79 .81 .81 .76 .77 .77 .68 .70 .70

1400 P .86 .87 .86 .84 .85 .84 .82 .83 .82 .78 .79 .78 .74 .76 .74 .66 .68 .66
• 76 .76 ,72 .73 .73 .470 .70 .65.64 .64 .59 .58 .58 .46 .46

I: I S .84 .88 .81 .82 .86 .78 .80 .84 .76 .75 .81 .71 .71 .77 .66 .62 .70 .55
10 0 Sp .75 .78 .6 8 .72 .75 .64 .69 .72 .61 .63 .67 .53 .56 .61 .46 .44 .49 .32

W .78 .77 .775 .7 4 .72 .72 . 1 .69 .67 .65 .63 .61.9-56 .'49.4
I S .84 .89 .83 .82 .87 .81 :80 .86 .78 .75 .82 .74 .71 .79 .69 .62 .73 .59

" 6 500 Sp .81 .84 .72 .78 .82 .69 .76 .80 .65 .71 .75 .59 .66 .71 .52 .55 .62 .38i.bUUW .81 .82 .76 . 72 .74 .66 .63 .65 .55 .46 .48 .4.28 .31 .13 .. ...

I S .84 .89 .83 .76 .83 .75 .69 .78 .67 .53 .67 .51 .38 .55 .35 .07 .33 .02
3•500 Sp .79 .85 .72 .69 .78 .60 .60 .70 .49 .41 .56 .26 .22 .41 .03 - .12 -
3,500 W .84 .85 .78 .76 178 .68 .6' .70' .3 .56 TT . .41 .19 .07 .12 --

I S .86 .90 .85 .79 .85 .78 .72 .80 .70 .58 .69 .56 .45 .59 .41 .17 .39 .12
10000 Sp .83 .89 .78 .75 .83 .68 .67 .78 .58 .51 .67 .39 .35 .55 .19 .02 .33 -

W .95 .94 .95 .9 9 2 .89'.•88.'89 .84 .81".84 , 9 . 5 79 .8 62 .68"

A < 1,000 S .97 .97 .98 .95 .95 .97 .94 .94 .96 .90 .90 .94 .87 .87 .91 .80 .80 .87
Sp .96 .97 .96 .94 .95 .94 .92 .94 .92 .87 .90 .87 .83 .87 .83 .74 .80 .74

*M: MORNING W: WINTER

"A: AFTERNOON S: SUMMER
N: NIGHT Sp: SPRING

SOURCE: USAFETAC REPORT, "AREA AVERAGE CLOUD LAYER DISTRIBUTION DATA FOR
"CENTRAL EUROPE, THE MIDDLE EAST, AND KOREA", 8 FEB 82

"CONDITIONS: Basic data is for a point within the area concerned. Based upon .I
" ' correlation studies of observations, conditions abo-ve 10,000 feet

are assumed independent after a distance of 600 miles and condi-

tions below 10,000 feet are assumed independent after 175 miles. A
linear decrease in correlation between is assumed.

REFERENCES: USAFETAC TN-81-004, Oct 81; Lund, I. & Granthum, D., "Estimating
k "the Joint Probability of a Weather Event at two Locations", Journal

of Applied Meteorology, Vol 18 #1, Jan '79.
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TABLE 5. PROBABILITIES OF MAINTAINING CLEAR SKIES AT ALTITUDE OVER VARIOUS DISTANCES

NORTH KOREA

O)ISTANCE (MILES)
ALTITUDE (Ft) 0 100 200 400 600 1000

*M A N M AN M AN M AN M AN MA N
>35,000 W .88 .80 .90 .86 .77 .89 .84 .75 .87 .81 .69 .84 .77 .64 .81 .70 .53 .75

5. .~78 73 .8 .75 .70 .8 .7Z.66 78 .7 .6074' . r 61.3.9 5 4

35 000 W .81 .70 .84 .78 .66 .82 .76 .63 .80 .70 .56 .75 .66 .49 .71 .55 .35 .62
TSU .6 5 6 .58 .51 .62 .54.47.5 .46T ~ .3 .-1.8.3 4 22W.4 2

26,000 W .91 .91 .91 .90 .90 .90 .88 .88 .88 .86 .86 .86 .83 .83 .83 .77 .77 .77
7ZZUU S .79 .69.8 .7 .5 .7. .76Z 77 .68 .55772 .62 .48 .67 .1I33 .7

22,000 W .86 .87 .88 .84 .85 .86 .82 .83 .84 .78 .79 .81 .74 .76 .77 .65 .68 .70

18,000 W .74 .76 .69 .71 .73 .76 .68 .70 .73 .61 .64 .68 .55 .58 .62 .42 .46 .51

14 00 W .71 .7 .7 .6 .7 .7 .4.9.9 .57 .63 .63 .50 .56 .56 .37 .44 .44

10,000 k~ .72 .75 .74 .69 .72 .71 .65 .69 .68 Mb .63 .61 .52 .56 .55 .38 .44 .42

6,500 'W .62 .58 .64 .48 .44 .51 .35 .30 .38 .08 .02 .11 - - - - -

3,0 S .29 .18 .36 .7Y~ .1 .0 01 .10- - -

3,500 W .64 .60 .67 .51 46 .54 .38 .33 .42 .11 .05 .16 - - - - - - -
1,04 .31~f .~20 .3 ~TF.= 4 .07.02T.10 - - -- - - - - -

< 1,000 W .89 .90 .92 .83 .85 .88 .78 .80 .84 .67 .69 .75 .33 .39 .50
S 77~~ .0.1.67 .71 .72 .57 .27 .537 .3.5 .1 .~29 28 - - -

*M: MORNING W: WINTER
A : AFTERNOON S: SUMMER

' '0N: NIGHT

SOURCE: USAFETAC REPORT, "MAREA AVERAGE CLOUD LAYER DISTRIBUTION DATA FOR
CENTRAL EUROPE, THE MIDDLE EAST, AND KOREA", 8 FEB 82

CONDITIONS: Basic data is for a point within the area concer~ned. Based upon
correlation studies of observations, conditions above 10,000 feet
are assumed independent after a distance of 600 miles and condi-7
tions below 10,000 feet are assumed independent after 175 miles. A
linear decrease in correlation between is assumed.
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TABLE 6. PROBABILITIES OF MAINTAINING CLEAR SKIES AT ALTITUDE OVER VARIOUS DISTANCES

"4:. SOUTH KOREA

& DISTANCE (MILES)

ALTITUDE (Ft) 0 100 200 400 600 1000
*M A N M A N M A N M A N M A N M A N

> 35,000 W .95 .92 .96 .94 .91 .95 .93 .90 .95 .92 .87 .93 .90 .85 .92 .87 .80 .90
S .86 .83 .87 .84 .81 .85 .82 .78 .83 .78 .74 .79 .74 .69 .76 .66 .59 .68

S35000 W .84 .76 .87 .81 .73 .85 .80 .70'.83 .75 .64 .79 .71 .58 .76 .62 .46 .68
26,000 S .68 .59 .69 .64 .55 .65 .61 .51 .62 .53 .43 .55 .46 .35 .48 .32 .19 .33

26,000 W .84 .80 .85 .81 .77 .83 .80 .75 .81 .75 .69 .77 .71 .64 .72 .62 .53 .64
22,000 S .67 .60 .69 .63 056 .65 .60 .52 .62 .52 .44 .55 .45 .36 .48 .30 .20 .33

22,000 W .78 .74 .80 .75 .71 .77 .72 .68 .75 .67 .61 .69 .61 .55 .64 .49 .42 .53
18,000 S .61 .55 .63 .57 .51 .59 .53 .47 .55 !45 .39 .47 .37 .30 .40 .21 .14 24

18,000 W .77 .77 .79 74 .74 .76 .71 .71 .73 .65 .65 .68 .59 .59 .62 .47 .47 .51
14,000 S .57 .58 .57 .53 .54 .53 .49 .50 .49 .41 .42 .41 .32 .34 .32 .16 .17 .16

S14,000 W .66 .69 .71 .62 .65 .68 .58 .62 .64 .51 .55 .57 .44 .48 .50 .29 .33 .37 4

10,000 S .45 .49 .49 .41 .45 .45 .37 .41 .41 .29 .32 .32 .20 .24 .24 .04 .07 .07 a.

10,000 W .70 .75 .73 .67 .72 .70 .63 .69 .66 .56 .63 .60 .49 .56 .53 .35 .44 .40
6,500 S .49 .54 .57 .45 .50 .53 .41 .46 .49 732 .37 .41 .24 .29 .32 .07 .13 .16

6,500 W .57 .53 .64 .43 .39 .51 .29 .25 .38 .00 - .11 - - - - - -

3,500 S .31 .20 .44 .19 .11 .30 .07 .02 .16 - - - - - - - - -

3,500 W .67 .70 .75 .54 58 .64 .42 .46 .54 .16 .22 .32 6 .11 - -S1,000 S .44 .41 .58 .30 .27 .44 .16 .13 .30 - - .02 - ..

41,000 W .85 .91 090,.78 .86 .85 .70 .82 .801.56 .72 .69, 41 63 .59,.12 .44 .39

S .76 .83 .831.66 .75 .75 .55 .67 .671.34 .51 .511.13 .35 .35 - .02 .02

k.*M: MORNING W: WINTER
~ .A: AFTERNOON S: SUMNER

N: NIGHT

SOURCE: USAFETAC REPORT, "AREA AVERAGE CLOUD LAYER DISTRIBUTION DATA FOR
CENTRAL EUROPE, THE MIDDLE EAST, AND KOREA", 8 FEB 82

CONDITIONS: Basic data for a point within the area concerned. Based upon
correlation studies of observations, conditions above 10,000 feet
are assumed independent after a distance of 600 miles and condi-
"tions below 10,000 feet are assumed independent after 175 miles. A
linear decrease in correlation between is assumed.
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